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PHASE COMPARISON OBJECT LOCATING 
- SYSTEM 


John P. Blewett, Schenectady, N. Y., assignor to 
General Electric Company, a corporation of 


New York 


Original application October 28, 1943, Serial! No. 
508,024, now Patent No. 2,467,361, dated April 
12, 1949. Divided and this application Decem- 
ber. 29, 1945, Serial No. 638,381 


. 5 Claims. 
I 
` "The present invention relates to radio locating 
equipment utilizing the comparison of echoes ar- 
riving at spaced receiving antennas to determine 
the direction of the reflecting object: 

This application is a division of my applica- 
tion, Serial No. 508,024, filed October 28, 1943, 
now Patent 2,467,361, issued. April 12, 1949, and 
assigned to the assignee of this application. 

An object of my invention is to provide im- 
“proved echo comparison circuits and equipment 
for utilizing the circuits.to increase the rate at 
.Which information can be obtained. 

The novel features which I believe to be char- 
acteristic of my invention are set forth with par- 
ticularity in the appended claims. My invention 
itself, however, both as to. its organization and 
method of operation, together with further ob- 

. jects and advantages thereof, may best be under- 
stood ‘by reference to the following description 
taken in connection with the accompanying draw- 
ings in which Fig. 1 is a diagram of locating 
equipment embodying my invention; Figs. 2 and 
3 are diagrams of phase comparators, and Figs. 4 

and 5 are diagrams of ratio circuits. 

Referring to Fig. 1, of the drawings there is 
shown a parabolic cylinder reflector. { fixed at 
an angle of 45° to a vertical pedestal 2 rotated 
by a motor 3. Spaced apart along the focal line 
of the reflector are antennas 4, 5, and §, the an- 
tenna 5 at the center being connected to a pulse 
transmitter 7 so as to transmit periodic pulses of 

_radio waves each ‘being directed by the reflector 
in a.fan-shaped beam having a width approxi- 
mately 90°. 

During the. intervals between the transmitted 
pulses, echoes or reflections from objects located 
in the path of the. transmitted waves arrive at 
‘the antennas 4 and 6 at times dependent upon 
the range of the reflecting objects and with a 
relative phase dependent upon the angular direc- 
tion of the reflecting objects with respect to the 
orientation of the antenna system.. Since the re- 
ceiving antennas 4 and 8 are correspondingly 
oriented within the common reflector {,. their 
planes of maximum. directivity are coincident 
with each other and with the plane of symmetry 
of the reflector i. Therefore, the phase relation 
between the pulse voltages received at the an- 
tennas 4 and 6 from a given reflecting object is 
a direct function of the angular displacement of 
that object from the direction of maximum in- 
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axis in said plane at right angles to the longi- 
tudinal axis.of said reflector and located midway 
-between: said: receiving antennas. -For ground 


55. 


(CL 348—11) 


equipment with this line, which may be called 
the center line of the plane of the beam, at-an 
elevation of 45°, reflections are received from 


"Objects at elevations of from 0° to 90° so that the 


whole sky is seanned during each rotation of the 
pedestal. The use of phase comparison to de- 
termine the elevátion of the reflecting objects in- 
creases the rate at which information can ‘be 
obtained. 

In the illustrated equipment, the information 
is presented on the viewing: screens 8 and 9 of 
cathode ray tubes 10, 11, azimuth and range being 
presented on the viewing screen 8 and azimuth 
and elevation being presented on the viewing 
screen 9. 

The map-like présentation on . the: viewing 
Screen 8 is obtained from the signal picked up 


-by antenna 6; which is fed through a receiver 12 : 


to the grid 13 of the cathode ray tube t9. Around 
the throat of the cathode ray tube is a deflection 


coil 14 fed by a saw-tooth sweep circuit 15 keyed 


by the transmitter so as to have & current in- 
creasing linearly from a minimum at the end of 
each transmitted pulse to a maximum immedi- 
ately prior to a succeeding pulse. The current 
flowing in the coil {4 causes a radial deflection 
of the beam of the cathode ray tube starting at 
the center with each transmitted pulse. i 
The coil [4 is rotated by the motor 3 syn- 


‘chronously with the pedestal 2 so the deflecting 
‘axis corresponds to the azimuth of the fan-shaped 


beam transmitted from the antenna 5.- The 
radial trace on the viewing screen of the cathode 
ray tube corresponds to the azimuth of the re- 


flecting objects and the modulation of the trace 


by the echoes produces spots at a distance from 
the center viewing screen corresponding to, the 
range of the objects. 

The azimuth and elevation of the refiécting ob- 
jects, presented on the viewing screen 9; are ob- 
tained by. applying the echo signal from receiver 
{2 to the grid 16 to modulate the beam of the 
cathode ray tube 11. The beam is deflected hori- 
zontally in accordance with the azimuth of the 
reflecting objects by horizontal deflection plates 


, 18a excited from a potentiometer 1T rotated syn- 


chronously with the pedestal 2.. The beam is de- 
flected vertically in accordance with the elevation 
of the reflection of objects by vertical deflection 
plates 16D excited from circuits hereinafter de- 
Scribed, by.voltages dependent upon the relative 
phase .of echoes arriving at the. antennas. 4 


‘and 6. 


-In the phase comparison circuits, the.echo sig- 
nals from the antennas 4 and 6 are heterodyned 
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against a common local oscillator 18 in con- 
verters [9 and 20 to produce an intermediate fre- 
quency: of, 80. .-megacycles;-.-Because of. the 
heterodyning ‘against:a common: local oscillator, 
the phase difference between the echo signals is 
preserved at the intermediate frequency. The.: 
output of IF amplifiers 2i and 22 is fed through © 
a phase comparator 23 anda- ratio circuit 24, 
both hereinafter described, to the deflection-: 


plates 17. In accordance .with.usua] practice: in. 
phase comparison, a 90° phase shift, indicated 


at 25, is effected in the relative phase of the 
voltages prior to the phase comparison. The pur- 


-pose of the ratio circuit is-to-make the phase.de-* © 


termination independent `of: variations in the. 
magnitudes of the voltages fed to the phase.com- 
parator. This takes care of both the effects of 


fading which causes both voltages to fluctuate in : 


unison, and of unbalance in the recelving chan- 
nels, whieh: ‘affects one..voltage. more. than the 
other. + i 

An the «phase. comparator-shown in ‘Fig: .2,. the 
output: of the IF amplifiers: 24: and. 22 is fed to 
jnput transformers 26: and: 21. haying.. grounded 
- primary windings. 28. and :29.and. grounded- sec- 
ondary; ‘windings: 30a, 300 and .31a,.31b....Both 
' the: primary: and:secondary circuits are tuned. by 
shunt condensers 32, 33, 34, 35 to the frequency 


of: the-voltages to. be: compared (30, megacyoeles) <; 


-and are:loaded.by: shunt:resistances:36,.37,.38, 39 
-to:pass.a: band. of. about 2 megacyoles. . This per- 
:mits-the: comparison of. pulse. voltages- such as 
the: echoes: from ‘remote:objects. 


The secondaries 30a, 3ia and 30b, 315 are. con- .: 


znected in:series, with ihe: instantaneous voltages 
:xespectively::bucking and:aiding as. indicated by 
: sthe: voltage. arrows on the :drawing, -by. pairs. of 
‘decoupling impedances 40. At the mid-point. of 
tench pair-of* impedances appear. respectively. the: 
:voltages proportional to the-difference- and. sum 
-of the: transformer input voltages... The:sum and 
3difference .voltages: are. fed. through -square law 
„detectors; suchas: diodes-41. and. 42. - The: diodes 


"are::conneected. in reverse. polarity .to.. ground: - 


: through- condensers-43,.44 which aecordingly.are 
:eharged.:to--voltages::of- opposite:.polarity—each 
proportional: to:the: square: of the.sum.or the dif- 
-ference-.voltage.:: The voltage between terminal 
:48:and.ground.is proportional to the -product.of 


the. magnitudes. of the two-voltages. to. be.com-' 


.pared and the sine.of the phase displacement be- 
. tween-the:voltages.plus:some higher. order terms 
. Which are negligible if the phase. displacement is 
,Small...'l'hese.higher.order. terms are due.to the 
„variation of: the: detectors. 4f and 42. from. a: true: 
A square. law. 

By using another pair of: ‘diodes. 46. and 41, 
_with the.same polarity. with respect.to.each other, 
, connected. to. ground through ‘condensers 48. and 

49, the’ condensers are charged to the square of: 
-the. respective: sum. and. difference voltages. At 
terminal. .80. appears. à .voltage proportional to 
the-sum.of the squares of the. magnitudes. of. the | 
“voltages : to, be compared, ‘plus: some negligible 
“higher. order terms. 
nitudes ‘of the. voltages to be compared and @ is 
the: “phase: difference between ihe "voltages: 


Ni oltage: :at terminal 45. - 
`- .Moltage:at:terminal. 50. 
{Ersin ot +E cos (ot -6)E — [Ersin ‘at ~ Es cos: (wt ep 


"If El and E2 àre the mag-' 


4 
these components do not appear &cross capacitors 
43, 44, 48 and 49, they may be bu Aui and 
-ihe,equation.becomes . ; 


* Voltage at: terminal 45 LORRY sin 6 

Voltage at terminal 50 EY+E.2 
“In the apparatus shown, Ei wil be very nearly 
'.:zequal to: Ez; and: no: substantial error arises if the 
-equation is rewritten as : 


10 . .:Voltage.atterminal 45 2E,E,sin6 
- Voltage-at terminal 50 2F,E; 


One of the advantages of the phase comparison 
cireuit'of Fig. 2 is that the input and output cir- 
715 cuits can: be:grounded without introducing errors 
i; due-to stray capacities. This is particularly im- 
portant in phase comparison at high frequencies. 
The:grounding is. made possible by the connec- 
tion of each of the pairs of secondaries 30a, 3ia 
and, 30b, .31b in a bridge circuit.with one .of. the 
pairs of impedances. 40. . 

. In Fig. 3 is a modification of. the phase. compari- 
son circuit of Fig. 2 in-which pentodes.51,:52, 53, 


5 


in 6 (1) 


20. 


5 54 have been substituted for the impedances 40 


25 in. the. bridge. circuits. between the transformers 
26 ànd.21 and. the diodes 44, -42, 46, AT., The in- 
stantaneous potentials with. respect. to ground . 
across.the secondary. windings 30a, 30b, 31a; and 
31b are the same.as those indicated at Fig. 2 and 
have: been similarly indicated ‘by.voltage. arrows 
on Fig. 3 of tbe drawing. The secondaries. 30a 
and 3ia are.connected. respectively to. the grids 
51a and 52a and an amplified output.voltage pro- 
portional. to the sum of. the voltages. to .be, com- 
pared appears: across. resistance. 55... The. sec- 
ondaries 300. and. 31b are connected to the.con- 
trol.grids of pentodes 53 and. 54 and.an-amplified 
output ‘voltage. proportional to. the. difference .of 
. the voltages to be compared appears. across. re- 
40 sistance 56. The amplifier output. voltages, as in 
the Fig..2 circuit, are fed through the diode‘de- 
tectors 41; 42 to. obtain a voltage at. terminal 45 
proportional to. the product. of the voltages. to. be 
compared. by the sine. of the phase:angle between 
the voltages... Similarly, from: diode. detectors. 46 
and. 47 a voltage is obtained at terminal 80. pro- 
portional to.the sum of the. squares of the voltages 
to be.compared.. Resonant circuits 5T and 58, 
which include the-diode. capacity, increase. the 
‘proportion of the signa] appearing across. the 
diodes. 

The amplifiers 51, 52; 53, 54-isolate the de- 
tector circuits from the input circuits. and: also 
permit the regaining of the signa] strength sacri- 
ficed in the bridge circuits which permit ground- 
ing of both the input and measuring: circuits, . 

It is obvious that unbalance in the circuits will 
cause inaccuracy. For- example, the amplifier 
tubes: 51,52, 53, 54 should have equal: amplifica- 
tion; equal voltages Should be induced in the sec- 
ondaries 30a, 30b, and 31a, 31b, and, for equal 
input: voltages, all of the secondary: voltages 
should be equal; and the resonant circuits at the 
transformer windings and at the detector input 
Should be tuned to the same frequency. 

: Where first and second comparator circuits: are 
referred to elsewhere herein, it-should. be under- 
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` — 2E Er} Bin 6+2E Ey sin (2l 4-9).. 


IE 
"TE Sin ot -E; cos (564-0) f +H; sin at~ H cos Cito? 
-Bince the:terms' of: this equation which -include 


- etimreorradio frequency components and since:75 the:cireuit elements and components:necessary. to 


|ESRESA-ES cos: Sat EP Cos: AAFO 
‘stood: that: the first: comparator. cirenit inclüdes 
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“provide the voltage at terminal 45 proportional 
to the product of the voltages to be compared and 
the sine of the phase angle between the voltages, 
while the second comparator circuit includes tne 
circuit elements and components necessary. to 
provide the voltage at terminal 50 proportional to 
“the sum of the squares of the voltages to be com- 
"pared. In the embodiments of the invention illus- 
trated and described herein, the first comparator 
circuit includes detectors 41 and 42 and other 
circuit components associated with these devices 
and connecting them to the two receiving an- 
tennas: ‘Similarly, the second comparator circuit 
jn: the embodiments illustrated and described 
"herein includes detectors 46 and 41 and other 
"circuit components associated with these devices 
"and connecting them to the two receiving an- 
‘tennas. - 

"To obviate the necessity of separately measur- 
‘ing the voltages at terminals 45 and 50, ratio cir- 
“cuits: shown in Figs. 4-and'5 may be used to ob- 
tain & direct measurement of the quotients of the 
‘terminal voltages. * 

“> The ratio circuit: Of Fig. 4 utilizes the charac- 
teristies of remote cut-off tubes which over a lim- 
“ited range have an output directly proportional 
to'screen grid voltage and inversely proportional 
to negative control grid voltage. By using tubes 
in parallel; this limited range.can be extended 


or made more accurate. The principles are illus- 3 


irated in Fig, 4 where identical remote cut-off 
tubes 59 and 60 (e. g. 6SK7) are connected in 
parallel through identical resistances 6! and 62. 
“When used in conjunction with the phase com- 
parison ‘circuits of Figs. 2, 3, the control grids 63 
"and 64 are supplied with a negative direct cur- 
rent voltage equal to Ei2--E35. This voltage ap- 
pears on terminal 50 of Fig. 3, and terminal 50 
of Fig. 3 may be considered connected directly 
to terminal 50 of Fig. 4. The grounded terminals 
50e and 45a.of Fig..3.may be considered as di- 
rectly connected to similarly numbered terminals 
of Fig. 4. "The screen grid 66 is supplied with a 
fixed positive bias potential Eo, as from a source 
66a, and: the screen grid 65 is supplied with the 
sum of Eo from source 65a.and 2E1Es sine 0 by 
a connection from terminal 45.of Fig. 3 to ter- 
minal.45. of Fig. 4. The output voltages across 
.resistances 81 and 62 are then each proportional 
-to the quotient of the respective screen grid volt- 
age divided by the control grid: voltage, and a 
voltmeter 68a connected between points 67 and 
68 will continuously indicate. the solution of 
Equation 1. It is obvious that the ratio circuit 
‘may be .used for other voltages. It will handle 
D.-C. or pulsed voltages and positive and: nega- 
tive ratios. - By the use of the ratio circuit, the 
measurement of phase angle can be made sub- 
‘stantially independent of fading or other factors 
“causing fluctuations in magnitude of the voltages 
to be compared in phase. 

The ratio circuit of Fig. 5 which utilizes the 
characteristics of -multivibrators, will handle 
ratios of D.-C. voltages. This circuit can be op- 


erated to indicate the ratio either by the per- ¢ 


centage of time one of the multivibrator tubes is 
conducting or by the output frequency. 

The circuit is the conventional multivibrator 
with identical triodes 69 and 70, condensers. Ti 
and 72, and grid resistances 13 and 14. 

In the first mode of operation, in which the 
ratio is measured by the percentage of time one 

_ of the tubes is conducting, one of the voltages to 
be compared (Vi) is applied to the grid re- 
sistance 14 and the other voltage (Va) minus the 


or 
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first voltage is applied to the grid resistance: 13. 
where Vi and V2 are positive unidirectional volt- 
Where the ratio circuit is used with a 
phase comparator such as shown at Fig. 2 or 3, the 
voltages Vi and V2 are the voltages appearing at 
the terminals 45 and 50. An ammeter in series 
with the tube 69 will indicate the ratio of the 
first voltage to the other voltage. This is based 
upon the fact that, with identical tubes and RC 
grid circuits, the time each tube is cut off is in- 
versely proportional to the grid. voltage. 
If Vi and V2 are the voltages to be compared, 

the percentage of time the tube 69 is conducting 
will be given by the following equation, . 


wer E 
Vo-Vi Vi 
l a lV 
Va-Vi VA 
In the second mode of operation in which the 
ratio of the voltages is measured by the output 
frequency of the multivibrator, use is made of the 
fact that with a multivibrator having a positive 
grid bias the output frequency is linearly propor- 
tional to the ratio of the grid voltage to the plate 
voltage. If Vi is applied to the grid resistances 
13 and 14 and Va is applied to the anodes 15 and 
16, the output frequency will be proportional to 
the ratio Vı: V2. j 

Certain features of the ratio circuits per se are 
claimed in my copending application Serial No. 
638,382, filed December 29, 1945, now Patent 
2,553,294, issued May 15, 1951, which is likewise a 
division of my application Serial No. 508,024, filed 
October 28, 1943, now Patent 2,467,361. 

While I have shown particular embodiments of 
my invention, it will -be understood that many 
modifieations may-be made without departing 
from the spirit thereof, and I contemplate by 
the appended claims to cover any stich modifica- 
tions as fall within the true spirit and Scope of 
my invention. 

What I claim as new and desire to secure by 
Letters Patent of the United States i$: ^ ^  . 

1. In radio locating equipment, means for 


(2) 


transmitting pulses of radio waves toward a re- 


mote reflecting object, a pair of directive receiv- 
ing antennas having a common axis of maximum 
directivity and adapted to receive echoes from 
Said. object, said antennas being spaced apart 
along an axis transverse to said first axis, whereby 
the relative phase of echoes received at said an- 
tennas is a function of the angle of displacement 
of said object from said first axis, means com- 


5 prising a first comparator circuit coupled to both 


said antennas for developing a first voltage sub- 
Stantially proportional to the product of the 
magnitudes of said received: echoes by the sine 
of said angle, means comprising a second com- ` 
parator circuit coupled to both said antennas for 
developing a second voltage substantially propor- 
tional to the sum of the squares of the magni- 
tudes of said echoes, and means for measuring the 
ratio of said first and second voltages, thereby to 
produce a resultant voltage substantially propor- 
tional to the sine of said angle. 

2. In radio locating equipment, an elongated 
parabolie antenna reflector, means supporting 
said reflector for rotation about a selected axis 
with the longitudinal axis of said reflector inter- 
Secting said selected axis at an acute angle, a 
transmitting antenna positioned within said re- 
flector, means for energizing said antenna to radi- 
ate radio waves toward a remote reflecting. ob- 
ject, a pair of receiving antennas correspondingly 
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7 
positioned: within said reflector. and spaced-apart 
-along:said-refleetor-Jongitudinal axis, said re- 
;cejying ‘antennas: and reflector: producing sub- 
stantially coincident: receiving antenna. patterns 
seach::hayine-.maximum: directivity. in plane 
through seid ongitudinal reflector.axis, whereby 

the ‘relative phase: of waves received: by. said. re- 
:eeiving antennas due to:ecboes from said:object is 
X ci-function of-the-angle of displacement of 
: said: object.-with-respect: to-a line in said. plane 
at right: angles: to. said longitudinal axis, means 
-comprising:a phase..comparison:circuit-energized 
"from: both ‘said receiving. antennas for: measur- 
"ing the relative:phase.of said waves and means 


energized from said circuit for indicating said- 


angle of displacement. 

:8. A radio locating. equipment comprising 
means for transmitting. pulses of radio waves to- 
ward a remote reflecting: object, a pair of direc- 


 tiveireceiving.antennas:having.a common axis of: 


smaximum -direetivity. and..adapted :to. receive 
echoes: from: said. object, said antennas: being 
spaced apart along-an axis at right angles to said 
first: axis,.whereby the.relative phase of: echoes 


received .at.said.antennas is a function of the’ 


:8ngle.of. displacement: of: said object; from. said 
ifirst:axis;. means: connected. to said. antennas for 
rOobtaeining a first voltage substantially. propor- 
tional to the difference in magnitudes-of said 


»&choes,..means.:connected: to said.antennas for. 


deriyingza-second- voltage. substantially -propor- 
:tionalto:the sum of the magnitudes of said.echoes, 
-Square-Jaw: detectors: for providing detected -volt- 
;ages responsive to: said. first, and second voltages, 
and means responsive to the ratio of the detected 
“voltages: for producing- a- voltage.. responsive to 
Ae: magnitude:of said. angle. 
= 4.:&:-radio: locating equipment. comprising 
. means. for transmitting pulses:of radio waves to- 
-ward-.a remote-reflecting: object, a pair of direc- 
tive..receiving -antennas : having: à. common axis 
of maximum directivity and adapted. to receive 
.echoes.-from .said. objects, said.antennas being 
spaced apart. along an.axis transverse to.:said 
first- axis; whereby the relative phase of echoes 
„received: at: said. antennas. is. s function of the 
-angle. of displacement, of said object from. said 
first:axis, means connected to: said.antennas for 
-obtaining. a first voltage proportional to the dif- 


3ference.in magnitudes of. said echoes, means .con- . 


.nected. to: said. antennas. for. deriving a second 
-voltage proportional.to the.sum. of the magni- 
;itudes.of.said echoes, square law detectors for said 
. first and said.second voltages, said: detectors pro- 
-viding a.third voltage.substantially. proportional 
to-the. product.of the magnitudes of.said received 
echoes by the. sine of: said angle and a fourth 
„voltage substantially proportional to the sum 

of.the squares of the magnitudes of said echoes, 


. and..electron..discharge device means responsive - 


8 
1$04h9. ratio of: said third end fourth.voltages:for 
“predueing- a. resultant voltage: substantially-pro- 
Vd er nes to ihe. sine of. said angle.. 
< 5, A: radio locating: equipment. comprising,.an 

E elongate .,parabolie..antenna reflector, . means 
Supporting. said-reflector-for.rotation on.a.ver- 
tical axis with the. longitudinal- axis of. said. re- - 
flector intersecting. said-yẹrtical axis:at.approxi- 
mately-a.45°. angle, a- transmitting antenna.cen- 


10 -trally positioned within. said. reflector, means. for 


energizing: seid:.antenna. 1o. radiate..radio--waves 
Jtoward.a. remote: reflecting: object, A pair.of re- 
ceiving.antennas positioned: within..said reflector 
and. spaced apart.along:seid Jongitudinal reflector 
15 .axis.on-opposite.sides of and.approximately:equi- 
-distant.from said transmitting antenna, said. re- 
.ceiving..antennas. and. reflector producing -sub- 
stantially coincident fan-shaped receivipg. aD- 

' tennai.patterns...each.. having... maximum... direc- 
20 . tivity: in a-vertical. plane.through. said. longitudi- 
nal reflector. axis, whereby. the relative.phase..of 
waves. received .by -said..recelving. antennas..due 
to echoes from said object is .a..direct: function 
of the. angle of. displacement .of said. object: with 
25 respect .to.:a- line..in. said. plane through said 
-transmitting. antenna at.right.angles to said Jon- 
-gitudinal..axis, means. comprising. a.. first..com- 
parator circuit coupled to both said. receiving. an- 
tennas for.deyeloping a first.voltage substantially 
30 Proportional to the.product of the magnitudes of 
said recelyed. echoes. by the-sine of.said.angle, 
.means. comprising..2. second. comparator. cireuit 
coupled. 0..both said receiving antennas for de- 
veloping_.a. second voltage. substantially: propor- 

35 tional to the. sum. of the squares. of the magni- 
tudes. of. said..echoes, and. means for. measuring 
the ratio. of said first and second. voltages, there- 
-by. to. produce. resultant. voltage, substantially 

. proportional to the Noe of said angle. | 
40 "JOHN P. BLEWETT. 
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